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I
Introduction except for some references made in relation to associated topics. Many aspects that have given rise to major debates, such as the relative merits of funded and unfunded schemes, and of State-run systems and privately managed ones, are touched upon only insofar as they contribute to an understanding of the relationships with which this article is particularly concerned. 1 The effects of gender differentiation, which become more important as populations age, are another relevant subject not addressed here (see Arenas, 2000; Cox, 1999 and Bravo, 1999) . The more specific approach taken here, however, does open the way to a clearer presentation and understanding of the effects of demography on different aspects of pension systems. Accordingly, the paper is organized as follows. Section II provides background information on ageing and pension system trends in the countries of Latin America, with some reference to the international situation. Section III explains the reasons for the analytical model approach used and examines the effects of ageing population structures and greater longevity on four important variables of unfunded systems: spending on pensions, the financial position of the system, pension liabilities and the implicit rate of return of the system. This section also includes a critical analysis of the criteria used to assess the sustainability of unfunded schemes.
Section IV provides a more systematic introduction to the concept of the implicit pension debt and the way this is measured, and gives estimates for the scale of the liabilities that have to be made explicit when the transition is made to a funded system. It also analyses the effects of the age structure and adult mortality in the Latin American countries. Section V briefly examines the transitional fiscal costs that have to be met when this type of reform is carried out, and section VI contains a summing up and closing remarks.
The original version of this article was prepared while the author was principal consultant to the ECLAC-CELADE/IDB programme AT N/TF-5827-RG attached to the Institut national d'études démographiques (INED) in Paris, France, from 15 December 1998 to 15 February 1999 under the international relations programme of that institute. It was revised at ECLAC and thanks are due for the valuable observations of Didier Blanchet, Georges Tapinos, Antoine Bommier, Andras Uthoff, Juan Chackiel, Carmelo Mesa-Lago, Mario Marcel and two anonymous readers from IDB. The author bears sole responsibility for any remaining errors or deficiencies.
Over recent decades, the Latin America and Caribbean region has undergone substantial demographic changes that have altered the population base and the workings of the institutions that transfer resources between generational groups. One particular manifestation of these demographic changes, population ageing, is directly linked to developments in social security systems, and as the tendency towards ageing intensifies its effects will increase in scope and scale, as is shown very clearly by the historical experience of the more developed countries. This is the essential standpoint of this paper, which examines the effects of population ageing on mediumand long-term developments in pension systems. This synthesis is based on studies carried out in recent years at CELADE and in collaboration with the Development Finance Unit of ECLAC that deal with the demographic and financial aspects of the region's pension system reforms.
First of all, the analysis focuses on the effects of changes in the age structure and in the mortality rates of the adult population on certain indicators of unfunded systems. It then deals with the transition from unfunded systems to funded ones, and in particular with the influence of demographic variables in determining pension liabilities and the fiscal costs of transition. In so doing, the paper brings together and analyses a variety of facts and results brought to light by applied research and uses medium-and long-term forecasts to consider how far these relationships may extend.
Every effort has been made to examine these issues systematically, but there are many important matters that are not addressed in this presentation. For example, it does not deal with general equilibrium relationships, 1 A useful contribution to this debate would be a comprehensive analysis of the most important advantages and limitations of the different schemes, including the numerous demographic, economic and political issues involved and the development strategies of the countries where the assessment is to be applied. This is far beyond the scope of the present study.
Having passed through the early stages in the demographic transition, in which child mortality fell and fertility was sharply reduced, the population of Latin America is beginning to age. Over-60s make up the fastest-growing population group in the region: their numbers, currently around 40 million, are expected to double within 20 years. The proportion of the population aged 60 and over is still modest by comparison with the more developed countries of the world: it now stands at just under 8% in Latin America, compared to about 16% in the United States, 20% in Europe and almost 23% in Japan (United Nations, 1998) . Nonetheless, mortality in the region has been falling substantially over the course of this century, and is now fairly low in many countries; average life expectancy at birth has now reached the 70 mark, and life expectancy at 60 is almost 20 years (ECLAC/CELADE, 1998) in the region as a whole. In virtually all the countries of the region, reductions in national fertility rates have tended to follow reductions in mortality after a relatively short time lag, in most cases less than two decades (Bravo, 1992) . Taken all together, these trends imply that ageing, as measured either by the "old" proportion of the population or by the old-age dependency ratio, is going to accelerate over the coming decades, and is going to do so at a much faster rate than was seen in the populations where ageing is now most advanced. Changes in these indicators which took from six to ten decades to come about in the developed countries are expected to take only two to three decades in most of the Latin American countries. 2 As is the case with almost all socio-economic and demographic variables in the region, there is great diversity between countries as regards ageing: some (for example Bolivia, Honduras and Nicaragua) still have fairly young age distributions and will continue to do so for many years to come. A number of countries
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most national systems became more comprehensive in the post-war period. Since their inception, these systems have expanded their coverage and brought major benefits to a significant proportion of the elderly population. However, they have also suffered from a number of problems. They have had difficulty in achieving the ideal of universal coverage, ensuring full and timely collection of contributions, protecting the real value of reserve funds and making the contribution and benefit adjustments that have become necessary as population structures have changed and systems have matured (Mesa-Lago, 1985 and Uthoff, 1997) . These problems have built up over the years and have been compounded by the regional economic crisis of the 1980s, which brought administrative and financial shortcomings more clearly to light. These factors weighed heavily in the pension scheme assessments and proposals for reform that were made in that decade and put into effect in the 1990s. In the following sections we shall examine some of the reform issues from the point of view of population ageing and its implications for financing and intergenerational distribution.
In the Latin America region, as in the rest of the world, most public pension systems are unfunded and are backed by relatively small reserves. 4 Public spending on pensions has grown steadily worldwide and now averages between 8% and 10% of GDP in the Organisation for Economic Co-operation and Development (OECD) and the countries of eastern Europe (World Bank, 1994 and Dumont, 1998) . In many industrial countries, social security spending is one of the two or three biggest government expenditure items; in the United States, social security is now the biggest government programme, having overtaken defence in the early 1990s. Forecasts by OECD (Leibfritz and Roseveare, 1995) predict that over the twenty-first century pension payments could range from 5% to 20% of GDP and that deficits could be from 0% to 10% of GDP, unless substantial adjustments are made over the coming years. The main factors influencing these forecasts are the long-term trend towards population ageing and the fluctuations predicted in the age structure of the population as a result of the baby boom in the early 1960s.
In Latin America, by contrast, the overall level of pension spending is similar to that of Asia, 5 averaging around 2% to 3% of GDP. Comparison of this aggregate expenditure level with the ageing indicators referred to earlier shows that there is a large gap between the Latin American countries and the more developed regions and countries, whose ageing indicators are double or treble those of Latin America, but which spend four or five times as much on pensions as a proportion of GDP. We shall analyse these differences further in the following section.
Before turning to a more thorough evaluation of the effects of ageing, it is worth glancing at the global implications of this phenomenon in the coming decades. As figure 1 shows, the adult ageing process (measured by the old-age dependency ratio) is expected to accelerate in all regions of the world over the next few decades, even in Europe and North America where ageing is already well advanced. These changes are quite substantial: whereas in 1990 the old-age dependency ratio (population aged 65 and over in relation to the population aged 15 to 64) varied from 6% to 18% in different regions (the world average being 10%), it is forecast that by 2030 all regions except Africa will have dependency ratios of between 16% and 35% (with a world average of 17%). 6 The chart shows that the population of Latin America and the Caribbean will age faster than the average, as the old-age dependency ratio there is forecast to reach the world average in 2030, but starting from a below-average value (8%) in 1990. By 2050 the Latin American ratio will have more than tripled to stand at around 27%, around three percentage points above the world average. The strength of this projected trend is only surpassed by longer-term projections for the European and OECD countries, which show the greatest ageing effects on pension systems hitherto estimated (Roseveare and others, 1996 and Calot and Chesnais, 1997) .
When these changes occur in situations where pension systems are maturing, and where there are 4 A notable exception is the United States, where the important old age, sickness and death insurance (OASDI) fund will carry on growing for at least another decade to provide for the retirement of the large baby boom cohorts. There is considerable controversy, however, over the liquidity and real economic value of the assets making up this fund. 5 There are a number of differences between the two regions, however: in Asia, public systems are generally of more recent creation, and tend to cover a smaller proportion of the workforce and the elderly (Kinsella and Gist, 1995) . 6 A simple interpretation of this tendency in terms of pension system variables is that, simply as a result of population ageing, contribution rates would have to increase by around 70% over this period to prevent the financial position becoming worse than it was in 1990.
restrictions in the labour market that manifest themselves in high unemployment and low earnings growth, it is clear that these demographic trends will compound the adverse economic effects and the existing structural problems affecting public systems. As will be seen in the following sections, however, it is certainly wrong to interpret such difficulties as evidence that demographic trends are making these systems unsustainable, and that they are bound to lead to "bankruptcy" or an insurmountable crisis. Countries can supplement existing government-run unfunded systems with privately managed funded schemes or other (mixed) components, as some are now doing. However, numerous studies and different country experiences throughout the world make it plain 7 that the demographic tendencies referred to here do not show that full funding is the sole or necessary solution, or the most desirable one, for the problems of pension schemes, as some observers believe. Most analysts now agree that thorough policy studies and assessments should consider different options, including varying degrees of public/private mix and funding, benefit-and contribution-defined schemes (Mesa-Lago, 1994; ECLAC, 1998; Thompson, 1999; Orszag and Stiglitz, 1999 and Holzmann, 1999) , taking into account the different demographic, economic and political conditions obtaining in different countries.
The following sections of this paper will look at medium-term trends in these systems from a broad demographic point of view. First of all, a range of pension system indicators, and their relationship with ageing, will be analysed. Attention will then turn to unfunded pension liabilities and the influence on these of the population age structure and old-age mortality. The paper will then go on to consider the fiscal costs of unfunded-to-funded (U-F) transitions, after which it will conclude with some final remarks.
III
Pension system indicators over the course of the ageing process debt 8 and iv) the implicit (or internal) rate of return of the system, as represented by flows of contribution payments and sums disbursed by way of pensions during the lifetime of a cohort. Appendices 1 and 2 give
Indicators, data and methods of analysis
Almost all pension system indicators are influenced by demographic variables, and particularly and most directly by population ageing. For this paper we have chosen four variables to illustrate our analysis of the effects of ageing on different aspects of unfunded pension systems: i) annual expenditure on pensions, expressed as a percentage of GDP; ii) the annual financial balance of the pension system, i.e. revenue minus outgoings, which can be expressed as a proportion of system revenue or of GDP; iii) the implicit pension liability, also known as implicit pension 7 See, among many others, Blanchet (1990) , ECLAC/CELADE (1996) , Chand and Jaeger (1996) , Conseil d'analyse économique (1998), Conte-Grand (1995) , Reynaud, coord. (1998) and ECLAC (1998) . 8 As is explained in more detail in section IV below, there are a number of possible ways of measuring pension liabilities in unfunded systems. In this study we shall use the present value of the future pensions that will be received by pensioners and of the contributions already paid by the economically active population at a given point in time, expressed as percentages of GDP. Africa more details about the concepts, measurements and data used to calculate these. The most standard indicators, such as annual pensions spending or the financial balance of the system, are periodic measurements (i.e. annual flows) which can be used to quantify the burden of the pension system on the national economy, but which provide little information about the medium-or long-term financial sustainability of the system or its distributional performance, especially in different generational groups. These aspects are captured better, although still only partially and imperfectly, by other indicators that summarize contribution and benefit flows over the life cycle. Two of these are implicit pension debt and implicit system rate of return, which are analysed in the following sections. We have chosen d, the old-age dependency ratio, 9 which from now on we shall simply call the dependency ratio, as the population ageing indicator to be used for analysing the pension system indicators selected. Historically, ageing of individuals or population cohorts, as measured by rising life expectancy, tends to precede and then overlap with changes in d, although the correlation between these two forms of ageing is not a strict one and their consequences for pension systems differ in nature and extent, as will be shown in the following sections.
Panel A of figure 2 shows observed pension expenditure values as a percentage of GDP, estimated on the basis of data compiled by ILO (1997) on national social security expenditure in the period 1991-1993. These estimates relate to old-age, survivors' and invalidity pensions in the public and private sectors and exclude transfers to other schemes. They are to be treated merely as an indication of magnitude, since the exact figure may vary depending on the specific measurement criteria being used. Again, no information is available for Brazil, Mexico, Peru and Uruguay, four very important countries in the region.
Nonetheless the data, plotted against the proportion of the population aged 60 and over, suggest a couple of things. Firstly, as had been predicted, the spending of many countries is of the order of 2% of GDP or less, among these being an appreciable number of Caribbean and Central American countries, Bolivia and Ecuador. The expenditure of the remaining countries ranges from a low of around 3% of GDP in Colombia to a high of over 8% in Cuba, with countries such as Argentina, Chile and Panama being at an intermediate level. Taken all together, these data reveal spending levels that are low to medium by international standards. Secondly, although a number of the countries with high spending are in the medium to high ageing categories by regional standards, there is no obvious sign of a close relationship between the degree of ageing and pension expenditure. This partly reflects problems with the comparability of expenditure data, but also, and probably more importantly, differences in the population coverage of pension schemes, contribution and replacement rates, eligibility criteria and the degree of system maturity.
These two types of limitation make themselves felt to at least the same degree when the financial balance 9 For the purposes of the present paper, this ratio will henceforth be between the population aged 60 and over and the population aged 20 to 59. of the system is analysed. There are comparability problems not just with expenditure, as before, but also with revenue, which is affected by international differences in the way system components and programmes are defined and in accounting conventions, particularly as these relate to the treatment of transfers from other programmes and to State contributions net of the contribution made by the public sector as an employer (appendix 1). Bearing these caveats in mind, the estimates for the financial balance of pension systems given in panel B of figure 2 suggest that a surplus is the norm, particularly in countries whose schemes are of more recent creation. The exceptions are the small deficit of Panama and the more substantial ones of Chile and Cuba. 10 These last two countries are special cases: the revenue and expenditure accounts of Chile are strongly affected by the transition deficit resulting from the move towards full funding, and those of Cuba by the fact that the State absorbs the primary imbalance, so that the country's system is precisely in balance when the State contribution is included. The transversal relationship observed between the demographic dependency ratio and the financial balance is even weaker than in the case of spending, for reasons similar to those already adduced.
To sum up, the data just analysed provide useful general information on the indicators and relationships we are concerned with, but offer rather limited possibilities for more detailed and specific study. 11 For the purpose of isolating and analysing the effects of ageing on pension systems, a more viable and productive approach is to use individual country models, broken down by age, that take account of the key parameters of the system. The following model, which has had to leave out a number of the details and peculiarities of pension systems (appendix 2), gives rough orders of magnitude for the indicators we are concerned with, and not exact calculations. 12 The drawbacks of simplification are compensated for by the possibility of studying a wider range of ageing levels (outside the range observed hitherto in Latin America) and examining other important system variables, such as pension liabilities and the system's internal rate of return, which are extremely difficult or impossible to calculate directly when existing data are the only basis used.
Effects of ageing on the expenditure and financial
balance of the system Figure 3 illustrates the general tendencies forecast for these two variables as the population ages. The figures shown assume fixed values for the contribution rate (c = 12.2%), wages as a share of GDP (s = 34.3%) and the number of workers covered by the pension system as a proportion of all waged workers (k = 0.76), these being the averages for the Latin American countries around 1990. In the case of the financial balance, it is further assumed that no debt or reserve fund capable of offsetting periodic imbalances has been set up; in other words, our definition of balance reflects the primary surplus or deficit. Figure 3 isolates the demographic effect in the usual way by setting the value of other accompanying factors and examining the change in the indicators that concern us within a plausible range for our ageing variable, d. Four reference points are graphed for each system indicator. The first two points, from left to right, are obtained from the demographic profile (adult age structure and mortality schedule) of Nicaragua in 1990 and Uruguay in 1990, these being the countries that have the youngest and oldest age structures in the region, respectively. In addition, to provide an idea of the way pension system indicators may change over the longer term, the third point corresponds to the demographic profile of France in 1990 and the fourth one to the profile projected for France in 2050 (Dinh, 1995 and Meslé and Vallin, 1998) .
Panel A of the chart shows the linear relationship between pension system spending and ageing (indexed by d), other things being equal, that is embedded in the model conditions. The values for the data confirm the fact, already documented in section II of this paper, that when systems cover a fraction of a demographically "young" working-age population, pension spending may be just 1% or 2% of GDP, but that this can reach levels of close to 10% when the country's population reaches an advanced state of ageing, even if coverage remains as incomplete as it is at present in Latin America as a whole (about half the workforce). Spending levels can be even higher in practice when coverage is wider 10 Argentina and Uruguay also had sizeable social security deficits in the late 1970s and early 1980s (Mesa-Lago, 1991, table 9) . 11 In theory, another approach would be to carry out longitudinal analyses on countries with reliable chronological series of spending and revenue data. This requires consistent, complete statistical series covering at least four or five decades so that substantial changes arise in the indicators of ageing, something that limits yet further the scope for carrying out this kind of analysis in the case of most Latin American countries. 12 The calculations are strictly valid if the rules of the system, labour force participation, coverage rates and the degree of compliance with contribution liabilities are constant in each country.
or universal: pension spending in Italy is already about 15% of GDP and, as has already been noted, it is expected to go even higher than this in some OECD countries over the twenty-first century. 13 While expenditure levels give an indication of the weight that pension programmes have in the economy, a better idea of the aggregate financial performance of the system is obtained from the balance, i.e. the difference between the system's annual revenue from contributions and its yearly pension payments. Panels B and C of figure 3 show two possible variants of this indicator: the balance as a proportion of system revenue and as a percentage of GDP. Both are also linear functions of d, in accordance with the conditions of the model. These lines suggest that, if the system variables (contribution rates, replacement rates and membership conditions) are not adjusted, population ageing can turn a surplus in the initial balance when populations are "young" (d less than 0.3) into substantial deficits, which may amount to as much as twice system revenue, or 6% of GDP, when population ageing is very advanced (d of around 0.8), given constant parameters which are the averages for the Latin American systems. This theoretical possibility, however, has not hitherto come about in the region. In the maturer and more "aged" systems of the more developed countries, the system variables (contributions, benefit amounts or eligibility conditions) are usually adjusted before such extreme situations arise.
It is not always easy to define what a "sustainable" level of pension spending or an "unsustainable" deficit level is, since in practice this involves many simultaneous variables. In public debate, political considerations may lead to a relatively modest current or projected deficit being described as excessive with a view to justifying reforms involving a change in the system, while substantial deficits may not be regarded as a serious problem if they can be financed by increasing public debt, which will have to be coped with by future governments and paid off by future generations of taxpayers.
But even if political considerations are left aside for analytical purposes, the definition of sustainability 13 A simulation for typical Latin American pension system parameters based on the present model (Bravo, 1999) shows that with universal coverage spending levels in the region would be roughly double those shown in panel A of figure 3. is still complex, particularly when it is limited to the standard indices of the periodic system. For example, an extraordinarily high level of pension spending (as in Italy, for example) is chiefly a reflection of the fact that the country's population is currently one of the oldest in the world. It is very natural that, both at the individual level and in society as a whole, the resources used to finance consumption by the elderly should increase as people live longer and longer. This cannot in itself be regarded as an "unsustainable" tendency; insolvency will only occur if insufficient provision is made to finance this increased spending over a reasonably long period that is consistent with the time horizon over which the pension system contracts liabilities and pays out benefits. 14 The financial balance (of the period) is more informative in this regard, but still falls short of providing a clear solvency test, since primary financial imbalances can arise simply as a result of the different degrees of maturity that systems have reached or of temporary economic fluctuations, which do not imply insolvency in the sense just indicated. When there are large, persistent deficits (such as the ones projected for a number of OECD countries over the twenty-first century, assuming all variables except ageing remain unchanged) it is more obvious that adjustments are needed, but even here a clear distinction needs to be drawn between the "sustainability" of continuing parameter values (contribution levels, benefit calculation methods, eligibility conditions), which can be changed, and the viability of the system's general design, which has more to do with its suitability for a particular type of development model and is more a function of economic policy considerations than of the degree of ageing in the population as such.
Full actuarial analyses that take account of present and projected system parameters are a more satisfactory way of assessing the solvency and the medium-to longterm sustainability of systems. Indeed, if there were certainty about the current values and future trend of the different system variables, the actuarial balance would be an excellent summary measure of solvency (in the medium term). Many developed country systems have well-established actuarial assessment practices. In most of the Latin American countries, unfortunately, analyses of this kind are not carried out consistently (see Mesa-Lago, 1985 and , although it would be a great help in establishing common ground for policy discussions if they were (Mesa-Lago, 2000) . Nonetheless, uncertainty about the future, particularly in the medium to long term, means that in any specific instance these assessments have to be interpreted with caution, since the accuracy of the results depends directly on the validity of the assumptions made.
Policy analyses are making increasing use of stock/ lifetime summary measures of system accounts to examine the comparative medium-to long-term financial stance of the systems concerned. 15 These are discussed in more detail in the following section. One of these stock measures is the implicit pension debt (or liability), i.e., the present value of unfunded pension system liabilities towards pensioners and active workers at a given point in time. This indicator, calculated in accordance with the model conditions, is graphed in panel A of figure 4 against our preferred index of ageing d. It can be seen that it rises in an almost linear fashion against the dependency ratio within the range given.
The implicit pension debt is a useful summary indicator and, as the following sections show in some detail, is essential for understanding and measuring the fiscal cost of closing an existing pay-as-you-go system. It does not however tell us directly whether a particular system is "sustainable" or not. As in the case of spending, the pension liability rises naturally as the system matures and expands its coverage and as the population ages. Again, if for example a large implicit debt can carry on being "rolled over" to future generations (as happens in a continuing pay-as-you-go system) under conditions acceptable to workers and pensioners, then there is not a strong case for deeming it unviable. 16 Furthermore, it is possible for a low dependency system to have a small implicit debt and, at the same time, a significant permanent deficit, as demonstrated by the model estimates for El Salvador and Guatemala (not shown here). In fact, Nicaragua, a country with a low pension debt, had a modest operating deficit in the early 1990s. The opposite situation can also occur: countries with a high pension debt and a relatively aged population that can show sustained financial balance or even a budgetary surplus (for example, the model estimates for Chile and Uruguay). Costa Rica, a relatively high debt country, had an operating surplus in the early 1990s; a more extreme case is that of the United States, which has a large pension liability but a substantial periodic balance surplus. A number of other OECD countries have even greater pension liabilities but operate with modest deficits or balanced budgets.
In some cases, a more consistent diagnosis can be obtained when spending, the financial deficit and the pension debt are all substantial, as for example in Argentina and Uruguay during the 1980s. When all the indicators point in the same direction, the need to make major adjustments to the system becomes more obvious.
In many theoretical and real-world situations, though, the indicators referred to do not permit of an unambiguous interpretation, which supports the idea that there is no generally applicable rule to justify the need for one particular type of reform on the basis of ageing trends alone. 17 Another way of approaching the problem is to ask how the system affects different generational groups. In fact, one increasingly widespread approach to determining the sustainability of public policy or a particular government programme, which is what we are concerned with here, is to consider that a system or policy suffers from intergenerational inequity if it provides benefits to current generations at the expense of the economic welfare of future ones. In extreme cases, a particular programme or policy may prove to be more absolutely unsustainable if it requires future generations to bear an excessively large net lifetime tax burden. An example of this situation is provided by Gokhale (1995) , who uses generational accounts for the United States to calculate that if current government economic policies were continued, future generations would have to bear a net tax burden 35 percentage points higher than that borne by current generations, yielding the obviously inconceivable figure of 80% of lifetime income.
Panel B of figure 4 plots the implicit rate of return of the pension system (r), which reflects the net lifetime benefit of participating in the system for a given individual or cohort. What r measures is the excess proportionate present value that the individual or cohort obtains in pension benefits over and above the value of the contributions paid into the system over their working life, an indicator analogous to the one used to measure the rate of return on financial investments. 18 As in the case of the variables plotted previously, this indicator is calculated in accordance with the general assumptions of our basic model, with two alternative scenarios now being considered: firstly, the case where the system variables remain constant throughout the ageing process and the general 17 See Blanchet (1990 and for a fine, nuanced discussion of the relative merits of funded and unfunded systems under changing demographic conditions in a context of general balance, which refutes some common misconceptions about the subject. 18 See Bravo (1996) for a more detailed discussion of the implicit rate of return and the way this is affected by different factors and policies. Related effects on lifetime wealth are studied in Auerbach and Kotlikoff (1987) , Arrau (1991) and Cifuentes (1995) in the context of general-equilibrium, overlapping-generation models. government budget absorbs any imbalance that may arise in the pension system and, secondly, the case where the ratio between contributions and benefits is planned in such a way that it adjusts to changes in the demographic profile and financial balance is obtained at all times. Neither of these two functions of d is strictly linear, for the reasons given below. The first line shows that when the contributions/ benefits ratio remains constant, the greater adult longevity that occurs in the ageing process leads firstly to a slight fall in r, then to a large increase. This happens because the greatest declines in adult mortality are obtained first for the "young adult" or working ages, while later declines mainly occur at more advanced (retirement) ages. This means that the ratio between the number of years lived as a pensioner and the number lived as a worker first remains constant or declines somewhat, then rises sharply.
The second line shows that if the contributions/ benefits ratio always stays at levels that produce financial balance, then the system rate of return declines rapidly with d, at least until "moderate" ageing levels are reached, after which it falls at a slower rate. The explanation is as follows. When the population ages in a balanced system, contributions have to be increased or benefits reduced. Given that the early stages of ageing in the adult population are primarily due to declining fertility -and not to survival to advanced ages-the adjustment in the contributions/benefits ratio is considerable by comparison with the modest improvements in adult survival rates. After d = 0.8, the falls in r become much smaller, as much of the change in d is produced by increases in the ratio between the number of years lived at advanced ages and the number lived at young adult ages, and this has a positive effect on r which largely offsets the negative effect of the necessary increase in the contributions/benefits ratio.
Which of these two scenarios -the one where contribution and replacement rates are fixed or the one that produces financial balance-is more "sustainable", in the sense of minimizing intergenerational inequity? The chart suggests that maintaining fixed rules in the system during the early stages of the ageing process (up to d = 0.3, in figure 4) leads to a reasonably stable rate of return, while at the more advanced stages of the ageing process the financial balance rule would give smaller differences in the rate of return between cohorts. If the same data are interpreted from a slightly different point of view, it transpires that in the early stages of the process disproportionately large transfers would be made to the early cohorts if the system worked on the basis of financial balance, i.e., if all revenue were transferred automatically in the form of pensions, without considering the contributions made by the pensioners. The chart also illustrates the risk of providing excessively generous benefits to the later cohorts, since the system will go into a state of chronic underfunding (after d = 0.3, in the chart) if the benefits/ contributions ratio does not adjust to a more elderly demographic context.
Consequently, in the long-term ageing process the following sequence of policies could prevent large differences arising in the rate of return obtained by different cohorts: i) fixing both contribution and benefit rates during the early stages of the ageing process and ii) when ageing is further advanced, changing over to the financial equilibrium rule, which would ensure greater intergenerational equity at this stage. The first part of this sequence -offering defined benefits in exchange for more or less defined contributions-has in fact been the rule traditionally followed by many countries; most current systems are still benefit-defined. As more recent experience shows, however, switching to the second stage rule ("financial balance") has proved more problematic, since although fiscal constraints make the changeover virtually unavoidable, this entails a loss (by comparison with the no-change scenario) for present generations of workers, to which there is often political resistance. 19 If today's cohorts of workers are successful in holding out against change and resisting direct or indirect financing, however, the current deficit will be transferred to future generations, which means that intergenerational equity will be impaired.
Given this situation, two basic approaches can be taken to achieving financial balance. The most common and traditional one, expressed in terms of a definedbenefit logic and terminology, involves "parametric" changes or reforms in which contributions are changed, benefits adjusted or eligibility conditions made more stringent. The second approach consists in making explicit the dual objective of financial solvency and intergenerational equity and designing the system in a way that can accommodate both. One approach of this kind, known as the "notional contribution" scheme, 19 The changeover to the financial balance rule can be facilitated enormously if the surplus generated since the system began is suitably invested and is used to cover deficits when the system matures. This, indeed, is sensible advice for countries that have young populations and set up their systems recently, but it comes too late for those that have already spent the surplus or have let the real value of reserves be eroded by negative rates of return. has been applied in Sweden, Italy and Latvia, and is under consideration in other eastern European countries (Holzmann, 1997 and ECLAC, 1998) . Essentially, this is a contribution-defined scheme financed mainly on the pay-as-you-go model, with only moderate reserves being built up to smooth over any temporary imbalances. Under such schemes individual records are created (analogous to the "accounts" of funded systems) and these accrue contributions plus interest at a rate determined by the annual growth in total wages. By comparison with other unfunded schemes, this kind of system has the merits of actuarial fairness, a greater likelihood of financial balance being maintained in the medium to long term, and less intergenerational inequity. In the region it is worth noting the case of Brazil, the country which is moving most clearly in this direction (Pinheiro and Vieira, 2000 and Uthoff, 1999) .
From the demographic point of view, this type of system has the advantage of adjusting endogenously to changes in old-age mortality and of providing reasonable protection against age structure or labour market fluctuations. In an uncertain world, contribution-defined unfunded systems such as this tend to improve intergenerational risk sharing and to increase expected lifetime welfare (Thogersen, 1998) . Of course, the system is not immune to potential risks, 20 but these seem to be smaller than those affecting traditional benefit-defined systems or fully funded schemes. Proper actuarial monitoring is also essential to these schemes, in order to avoid imbalances lasting for extended periods. 21 
IV
Implicit pension debt: concept and measures
As has already been mentioned, the focus of public policy debate over pension systems is gradually shifting from short-term financial performance (current spending or deficit/surplus levels) to the medium-to long-term financial stance. This is especially true of the more developed countries, where population ageing began many decades ago and the process is far more advanced than in the less developed regions. In Latin America, a number of recent analyses have used medium-term projections that incorporate demographic trends in a more or less detailed way, among them being studies on Argentina, Chile, Colombia, Mexico and Uruguay (see Mesa-Lago, 2000, for a critical review of these) and on Brazil (Uthoff, 1999) , in response to policy concerns that will be discussed later on. Some of these look explicitly at the notion of implicit pension debt.
One type of synthetic measure used in recent studies is "pension system liability", a stock measure that refers to the present value of liabilities towards those participating in the system (Van der Noord and Herd, 1994; Franco, 1995; Holzmann, 1997 and Vernière, 1997a) . This type of indicator is based on the idea that in unfunded systems there is an implicit contract whereby the State, in return for workers' contributions, undertakes to pay the pensions of retired cohorts out of the contributions collected from the following (working-age) generation. In this case, it is logical to calculate the discounted (present) value of revenue and payment streams for a given point or period of time and number of cohorts. In the more developed countries where ageing is more advanced, the incentive for studying these liabilities is the general desire to evaluate the financial situation of the Government in the medium to long term (including spending, deficit and public debt levels) in the light of the current and projected degree of population ageing, which is affected by long-term tendencies and by the imminent effects of the baby boom which took place in those countries around four decades ago.
Some observers interpret the request made by Great Britain to the European Commission for the liabilities of unfunded social security systems to be included among the criteria for joining the single currency as a reflection
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of the concern that, because the liabilities of the public system in the United Kingdom are smaller than in the other countries of the European Union, there was the risk of British taxpayers having to finance the liabilities of other countries or be penalized with higher interest rates to defray these liabilities (Vernière, 1997a, p. 2). In the United States, the emphasis is more on how government expenditure as a whole (including pensions and public health programmes) can be sustained when the baby boom generations retire, without severe consequences for the public finances and for intergenerational distribution. Again, more recently, the implicit liabilities involved and the cost of liquidating them emerged as an important consideration in the proposals for social security reform discussed during the 2000 United States presidential election campaign. In Latin America, interest is fairly recent as well, and the difference in the demographic context means that it is driven by concern not so much over population ageing as over the fiscal burden that this type of government expenditure may represent now and in the near future, against a background of budgetary reforms and constraints. This is the issue that will be dealt with next.
Definition and measurement
A variety of terms and specifications, with slightly different meanings and uses, are employed for the concept of implicit pension debt (or liabilities) (Holzmann, 1997 and Van der Noord and Herd, 1994) . Three main definitions are: i) liabilities accrued to date, which represent the present value of pensions to be paid, considering only the rights accrued by workers and pensioners at a given moment and ignoring future contributions and rights not yet accrued; ii) closed system obligations, comprising liabilities towards all current workers and pensioners, including their future contributions and the rights that will accrue to them in future; and iii) open system liabilities, which also include contributions and rights that will accrue to new entrants to the labour force.
The most relevant definition for calculating U-F transition costs is of the first type. Which of the variants is used will depend on the reform scenario being considered: whether the changeover to a funded system is partial or total, whether it is voluntary or compulsory for different generations of workers (present and future), whether it is immediate or gradual, etc. In the discussion that follows, which is largely based on studies carried out by the author in collaboration with Andras Uthoff (Uthoff and Bravo, 1998 and Bravo and Uthoff, 1999) , we shall use a definition that takes into account the future flow of pensions accrued by current pensioners, plus compensation of contributions to date for all those currently in the labour force. This definition departs slightly from the standard "accrued to date" specification: the first component is different in that it provides for reimbursement of past contributions instead of pension rights. The two measures should give similar figures but may not coincide closely in all cases.
The policy context, very briefly, is as follows. We know that recent reforms in Latin America have included adjustment of eligibility conditions and benefits and, in several cases, inclusion of at least one contribution and benefit funding component. These cases include the early reform in Chile in 1981 which, like those of Mexico (1995) , Bolivia (1996) and El Salvador (1997) meant a complete switch from benefit-defined pay-as-you-go State systems to privately managed, fully funded individual contribution-defined schemes. Other reforms have retained a pay-as-you-go component by establishing mixed ("multipillar") or parallel systems, examples being those of Peru (1992) , Argentina (1993) , Colombia (1993) and Uruguay (1995) .
The funding component is supposed to lighten the financial burden that pay-as-you-go systems place on the State budget in the context of the demographic and labour market trends referred to, to stimulate greater efficiency in the management of the system, to bring about higher national saving and investment and to promote the development of financial markets, where the pension funds are invested. The evidence for all these benefits is mixed, partly because in many countries that reformed only a few years ago it is too soon to tell. In the early case of Chile, the growth and development of financial markets and the corresponding regulatory framework are manifest, although it is not clear whether funding has led to substantial increases in national saving or productive investment (Uthoff, 1997) or whether it has helped to reduce management fees, which still amount to over 20% of contributions. 22 Several models suggest or predict long-term aggregate income and welfare benefits from U-F reforms (see Schmidt-Hebbel, 1997 and Valdés-Prieto, ed., 1997 , and references therein), but it seems too early to evaluate this potentially important effect in most reform countries.
P O P U L AT I O N AG E I N G A N D P E N S I O N S Y S T E M S I N L AT I N A M E R I C A • J O R G E B R AVO
Furthermore, what is of specific interest to this section, U-F reforms do not necessarily lighten the fiscal burden in the short and medium term. On the contrary, recent data reported by ECLAC (1998) and the analysis in this paper suggest that this transition actually generates large fiscal liabilities which have to be met by present and future generations of workers. These costs arise because the transition makes it necessary to recognize explicitly and pay off some or all of the implicit social security debt, while the contributions of those switching to the funded scheme cease to be received as income.
In the following sections, we shall seek to measure the size of the implicit pension debt and work out the associated fiscal costs using a simple model and the information available on demographic variables, the labour market and the pension system, and we shall analyse the factors and results for the Latin American countries considered.
Liability that has to be made explicit when the system is changed
The basic scenario envisaged is one in which an unfunded State system is completely replaced by a privately run fully funded system. In this case, the liabilities ("debt" owed by the Government for pensions), calculated at proper actuarial values, are represented by the present value of the pensions accrued and to be accrued in future years by all the pensioners in the old unfunded system, plus the present value of the contributions of affiliated workers who are active at the time of the reform. 23 To measure these liabilities directly and accurately, it would be necessary to have full, detailed chronological series of the age profiles of labour force participation, employment, coverage and compliance rates and earnings for, let us say, the last 40 years. Since this ideal database is not available in any Latin American country, we have developed a model that is able to provide a reasonable estimate using more widely available demographic, labour market and macroeconomic data. The calculations make use of several highly simplifying assumptions, the most important of which are: i) an unfunded pension scheme has been in existence since 1950; ii) the overall system coverage rate has remained constant at the level of 1985 or thereabouts (an intermediate point in time between 1950 and 2020, the end of our projection period); iii) tax and replacement rates are the same as they were at the beginning of the 1980s (Mesa-Lago, 1991) and iv) the contributions of all the cohorts concerned begin at the age of 20 and continue uninterruptedly until they retire at 60. The full set of assumptions and the derivation of the equations that follow are given in Bravo and Uthoff (1999) . Using this simplified framework, it is possible to obtain estimates of the pension debt for a fairly large number of Latin American countries.
Taking these assumptions, pension liabilities towards the economically active population (Da) can be expressed, as a proportion of GDP, as follows:
where c = contribution rate (expressed as a percentage of earnings); s = the wage mass as a share of GDP; k = ratio between the number of workers enrolled in the system (covered) and the total number of wage earners; Aa = readjusted average of the number of years for which the active population has been contributing.
In the same way, the debt owed to those who have already retired (Dr) is expressed as:
Dr = r · s · k · d · Ar
where r = replacement rate (percentage of wages); d = dependency ratio of the unfunded system (retirement-age population/working-age population); Ar = readjusted average of the expected number of years of retirement per currently retired person, and the other variables are as already defined. Both Aa and Ar are weighted readjusted averages, where weighting is by the number of people in the age groups concerned.
The estimates derived from this model are shown in figure 5; they are valid for our basic special case, where the discount rate is assumed to be equal to the rate of wage growth. 24 This chart shows that the implicit pension debt is substantial in most of the Latin American countries, even some where the population is young and the coverage of the system low, such as the Dominican Republic, Ecuador and Honduras. The pension debt is substantial (over 20% of GDP) in most of the countries and extremely high (over 200% of GDP) in those with older populations or systems with high coverage such as Argentina, Brazil and Uruguay. 23 A natural alternative definition of this last component, that of pension rights accrued to date by those who are active at the time of the reform, is theoretically less well defined and empirically less tractable. 24 The consequences of this assumption are dealt with in section V.
By comparison, the level of pension liabilities in more developed and older countries is higher on average (of the order of 170% of GDP) than in the countries of the Latin America region, but varies less between countries, ranging from an estimated low of 113% in the United States to a high of 242% in Italy ( Van der Noord and Herd, 1993) .
It is interesting to note that in most of the countries for which information is available the implicit pension debt is not only large but, in many cases, is several times greater than the official public debt. Current estimates of pension debt put it at around a third of official public debt in Ecuador, one to two times the public debt in Colombia, Peru and Venezuela, more than four times the official government debt in Brazil and between 8 and 11 times the public debt in Argentina, Chile and Uruguay. These latter ratios also seem very large compared with those found in the more developed countries with older populations; for example, the implicit pension liabilities of France, Germany, Italy and the United Kingdom range from twice to four times their respective official public debts. 25 Although several of the model's assumptions are crude and are valid only as an initial approximation, the estimates it produces, when calculated using the same basic data and parameter values, turn out to be reasonably close to other estimates based on alternative procedures. For example, Schmidt-Hebbel (1995), using a different method (the present value of projected deficits resulting from reform) and different parameters, places the implicit Colombian pension debt within a range of 59.2% to 88.1% of GDP, whereas our estimate (based on pre-reform parameters) is only 34.8%. However, if we use the same parameters as the study cited, we obtain an estimate of 62.5%, which falls within the lower end of its range of estimates. Our estimate of the Chilean pension debt, at 131% of GDP, is not far from the 126% figure given in Schmidt-Hebbel (1996, table 3.8). Our estimate for Brazil, at 201.6% of GDP, is within the range of estimates provided by other studies, which vary from 188% to 255% of GDP, depending on the assumptions made (Government of Brazil, 1998) . As a final example, a calculation for France based on the present model yields an implicit debt of 224% of GDP, which is not far from the OECD estimate of 216%. Mesa-Lago (2000) refers to other estimates calculated using different methods, noting that they are not strictly comparable with the ones presented here.
Effects of the age structure and mortality patterns
Demographic variables (basically the population age structure and old-age mortality) affect the size of the debt although, as will be shown shortly, their impact is not as large as that of other (pension system and labour market) variables. The population age structure is represented directly in the system's "dependency ratio" (d = old-age population over main working-age population), but it also enters into the calculation of the average number of contributing years of the active population (Aa) and that of the expected number of retirement years per currently retired person (Ar). In the latter case, old-age mortality conditions determine the expected number of years of life remaining to each of the cohorts currently of retirement age. 26 25 The public debt figures (as a percentage of GDP) for the Latin American countries are for around 1995 (El Mercurio, 1997). The pension debt estimates for the OECD countries are for rights accrued to date; the data sources are Van der Noord and Herd (1994) and, for public debt as a percentage of GDP, Le Monde-Économie (1999, p. 5).
26 By construction, the value of d is higher the more aged the population and the lower the mortality level. The value of Aa is higher the more aged the population, since there are more people at ages that have accrued more years of contributions. Ar, however, may be higher or lower in more aged, lower mortality settings, since lower mortality implies higher life expectancy at most (or all) adult ages but a more aged population structure means that younger pensioners 
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To illustrate the magnitude of the demographic effects we replaced the average values for the Latin American countries with extreme national ageing and mortality values. More specifically, we first constructed a "benchmark" vector of indicators, defined as the mean value of each of the intervening variables, and estimated a benchmark debt stock. Then the debt was recalculated using the highest and the lowest old-age mortality levels (those of Bolivia and Costa Rica, respectively) and the youngest and oldest national age structures (those of Nicaragua and Uruguay, respectively). Figure 6 gives the results. They suggest that oldage mortality has a very small effect on the size of the debt: factoring in Bolivia's high mortality rate instead of the "average" pattern for Latin America yields a pension debt only a few percentage points lower. It hardly makes any difference if Costa Rica's low oldage mortality is used instead. This result is largely due to the fact that in the region old-age mortality does not vary as much in absolute terms (which is what matters for the pension debt) as general mortality does: in the early 1990s, life expectancy at birth was about 68.6 for Latin America, 76.3 in Costa Rica and 59.3 in Bolivia (a difference of about 17 years between the lowest and highest), while life expectancy at age 60 was about 18.9 for Latin America, 19.5 in Costa Rica and 15.2 in Bolivia, a spread of only 4.3 years. Also, old-age mortality only affects that part of the debt that is "owed" to pensioners, which is the smallest of the two components of total pension debt in almost all the Latin American countries.
The population age structure plays a much more substantial role: using Nicaragua's age distribution instead of that of Latin America as a whole yields a pension debt more than nine percentage points smaller, while if the more aged structure of Uruguay is used the debt goes up by more than 40 percentage points. A more realistic comparison is between the last two bars of figure 6 , where the overall demographic configurations (age distribution and old-age mortality) of Nicaragua and Uruguay are contrasted, which gives a result almost identical to the previous one: a difference in the debt stock of about 40%.
It is important to note here that changes in other pension system and labour market factors have an even greater potential to affect the debt stock: if Nicaragua had Argentina's age structure its implicit debt would increase by more than 50%, but it would almost double if Nicaragua had Argentina's population coverage and more than quadruple if it had Argentina's social security tax rate (Uthoff and Bravo, 1998) .
The potential demographic effect, however, is at least as big a factor in the debt as some macroeconomic/ policy variables. One such variable is the discount rate used by governments to express past contributions and future benefits in common present values. For this discount rate to have an effect comparable to that of the population age structure, it would have to be more than 2% higher than the rate of wage growth.
When assessing medium-term fiscal obligations, it is useful to project the implicit debt to some future date (as was done for France, for example, by Vernière, 1997b) . When this is done the corresponding estimate of the longitudinal ageing effect is quite robust since, although subject to some uncertainty, medium-term demographic changes are more predictable than, for example, interest rates or future economic growth. In particular, the fact that changes in the old-age dependency ratio up to 20 or 25 years ahead depend almost entirely on mortality patterns, which change only gradually over time, means that the projected trend can be regarded as fairly reliable.
(who have a greater life expectancy) account for a smaller proportion of the population. Therefore, the resultant value of Ar, as well as the final "demographic" effect on the stock of debt, depends on the particular combination of age structure and mortality at older ages in each country. As is shown in Bravo and Uthoff (1999) , the positive ageing effect (which operates through Aa and d) tends to prevail over the ambiguous interaction between mortality at older ages and population ageing that operates through Ar. This chart yields a similar reading to figure 6: the annual fiscal costs appear to be small to "manageable" (under 1.5% of GDP per year) in the countries in the "low" and "very low" debt groups; they are quite substantial -from 1.4% to 6.7% of GDP-in the "high" debt group (Chile, Costa Rica, Cuba and Panama); and they seem to be overly high for Argentina and Uruguay, as these two countries would need to make a financial effort equivalent to 6% to 13% of GDP (depending on assumptions) over a period of 40 years to pay off the full U-F transition costs. The estimates given are if anything conservative, as the supposed standard of dynamic efficiency in growth models implies an interest rate higher than total wage growth, so that i is substantially higher than the rate of wage growth. It should be noted that the fiscal costs (as a proportion of The extent to which the pension debt in any given country is "manageable" can be best appreciated by examining the annual fiscal outlay it entails. This fiscal cost depends on the size of the debt and also on other key macroeconomic and policy variables such as the GDP growth rate, the rate of interest paid on the public debt, the financing mechanisms used and other specific aspects of the reform. Figure 7 illustrates the scale of the annual fiscal costs that would be involved were the whole implicit pension debt to be paid off over a period of 40 years (which is roughly the time it would take to complete the transition to the reformed pension system), given an annual GDP growth rate of around 4% and different assumptions regarding D, the difference between the discount rate (i) and the rate of wage growth (s). GDP) do not vary significantly with the level of GDP growth. What matters most is the difference between this growth rate and the discount (or interest) rate: a discount rate 2% higher than GDP growth means that in many cases the fiscal costs are more than double what they would be in a situation where i = σ. These figures, which are for the average over a 40 year period, give a useful idea of the scale of costs involved. In actual transitions the fiscal costs vary over time, depending on the arrangements made for payment of the pension debt and the financing mechanisms used. 27 In particular, extending the period over which the debt is paid (for example by setting periodic compensation as in Argentina and Bolivia, as opposed to the lump-sum "bond" used in Chile and Colombia) can achieve some reduction in the annual fiscal cost in situations where the discount rate (i) is greater than the economic growth rate (g). However, such reductions are not as dramatic as might be assumed: if i exceeded g by two percentage points, and the payment period were extended from 40 to 60 years (assuming this were feasible), the annual cost of repaying a debt of D = 100% of GDP would fall from 3.7% to 2.9% of GDP, and if it were extended to 80 years the annual cost would still be 2.5% a year. 28 Bravo and Uthoff (1999) discuss the observed and projected trajectories of the transitional deficits of Argentina, Bolivia and Chile according to the abovementioned model, noting the constraints these would place on the overall government budget and the risk of default on the entitlements accrued by workers and pensioners in the pension system. More detailed accounts of the cases of Brazil and Chile are given in Uthoff (1999) and Arenas (2000) , respectively, showing how the timescale over which liabilities are amortized depends on the present and projected age and sex distribution of the active and retired population. In the simulations for Brazil, the most salient features are the greater relative importance of pensions being paid under the old system during the early stages of the transition and the subsequent predominance of the State guarantees for the non-contributory system and the "recognition bonds", the latter being provided to the relatively large working-age cohorts. In the case of Chile, perhaps the most significant features are the growing relative importance of women and the guaranteed minimum and "welfare" pensions over the medium to long term, which are likely to impose a large fiscal liability for pension funding well beyond the transition period.
Two final observations should be made regarding the practical policy-making process. Firstly, the level of debt and the payment schedule are not absolute givens, and countries can and have sought ways to make the fiscal costs more bearable (ECLAC, 1998 and Queisser, 1998) . Many countries in Latin America have made only a partial switch to funding (this is the case with all the recent reforms, except those of Bolivia, Chile and Mexico), something that is particularly important for countries with mature, high-coverage pension systems and aged populations, such as Argentina and Uruguay. Changes to benefits and eligibility conditions, timed to coincide with the switch to funding, have also been made with a view to reducing fiscal obligations, and other stipulations have been introduced to the same end (Holzmann, 1997; ECLAC, 1998 and Mesa-Lago, 2000) . Secondly, the overall macroeconomic and fiscal environment is crucial for a country's prospects of absorbing the transition costs. For example, implementation of the Chilean reform (which involves a complete switch) has been made possible by a very positive macroeconomic performance to date and by vigorous implementation of the necessary changes to the regulatory framework for the financial market (Arrau, 1994) . Even so, it has required great fiscal discipline. All the reforming countries in the region have made efforts in these directions, with differing degrees of strain on their budgets and with different balances being struck between easing the fiscal burden and reducing the benefits provided to those in the system (Bravo and Uthoff, 1999 and Mesa-Lago, 2000) . 27 Two main financing mechanisms are (current) taxes and the issuance of new official public debt (i.e. future taxes). The financing mix affects both the amortization programme and the way the transitional costs are distributed between present and future generations of taxpayers. These intergenerational distribution effects are important, but will not be discussed here in any detail. See Arrau (1991) , Schmidt-Hebbel (1995) , Cifuentes (1995) and Valdés-Prieto, ed. (1997) . 28 After about 90 years, no further reductions would be obtained in the annual fiscal cost; the reductions diminish and the time after which no further reductions occur is shorter the larger the difference i -g is.
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Summary and conclusions
cases. Rising expenditure, due in part to long-term population ageing, should not be regarded as a harbinger of imminent crisis or bankruptcy, insofar as it reflects a natural reallocation of resources within the life cycle owing to the increase in life expectancy among individuals and cohorts. The same is true in the case of pension liabilities, which naturally tend to be higher in countries with older populations and with maturer systems that have greater coverage. When systems have to be adapted, parametric changes to offset the effects of population ageing may often be enough. If not, reform options need to be evaluated in the light of the numerous possible permutations of public, private and mixed systems, benefit-or contribution-defined systems and funded or unfunded schemes.
The introduction of greater contribution and benefit funding is a type of reform that has been implemented in a number of Latin American countries and is being actively discussed in other regions as well. Sections IV and V of this paper raised and analysed some of the issues associated with this kind of reform. It was pointed out that, although funding is generally justified on the grounds of its potential to ease pressure on public budgets, improve labour market efficiency and the development of financial markets, raise saving, capital accumulation and growth rates and provide protection against population ageing and fluctuations in the age structure, the theory is not clear-cut as regards these issues.
The empirical data are not conclusive either, except for a few specific aspects. This paper examined one direct effect of switching to a funding system, the need to make the implicit pension debt explicit, and the fiscal costs that this entails. The model used considers the age structure of the population and shows the important role that this plays. It also shows the lesser effect of old-age mortality and the more substantial one of the system's population coverage, labour market factors and other system parameters such as contribution and replacement rates. Countries that are at an intermediate to more advanced stage of ageing and have systems with wide population coverage show high levels of pension debt, which is often greater than their official public debt and even than their annual GDP. For countries whose reforms envision full funding, this After decades of declining demographic indices, the population of Latin America is beginning to age. Although the region is a long way from the situation of the world's most aged countries, it is forecast to age much more quickly than did the societies that are currently more advanced. These changes are going to take place in economic and institutional contexts where the living standards of more elderly generations will be much less protected than they are now in the more developed countries. Consequently, it is of the greatest importance for the countries in the region to begin assessing the different policy options available so that they can arrive at the decisions and programmes that are most appropriate to their demographic and economic conditions, now and in the near future.
It is often suggested that population ageing is a key underlying cause of the system's financial problems, but examination of the facts shows that this is generally not the case. This paper has demonstrated that population age structures and mortality patterns can have major effects on medium-to long-term developments in pension systems, but that, so far at least, labour market conditions and administrative problems have played a much more decisive role. In the vast majority of the region's countries the greatest effects of population ageing on pension systems still lie ahead, as was discussed in section III of this paper. That section examined trends in a number of pension system indicators relating to the ageing process, taking in the whole range from the younger age structures in Latin American countries today to the age distribution projected for France in the middle of the twenty-first century.
This paper has shown what might be the general trends in pension spending, financial balance, pension debt and the pension system rate of return if conditions in the system, the labour market and the economy remain unchanged. The analysis suggests that, if future ageing scenarios come about with system rules unchanged, the Latin American countries could see their expenditure, and perhaps their deficit levels, rising to meet those of the countries that are currently more advanced. It was seen, though, that it is very difficult to determine what pension liability levels are "sustainable" or "unsustainable", both in general and for particular countries, except in a few rather extreme translates into considerable fiscal transition costs over the 40 years or so that are required to complete the transition from one type of system to the other.
It was also noted that neither the size of the explicit debt nor the amortization schedule are absolute givens, since they can be, and indeed have been, adapted to suit different national situations. The fiscal costs depend on the strategies followed by governments as regards the degree of funding introduced and the way the implicit pension debt is made explicit. Countries have adopted different variants with a view to making the transition costs more bearable, although these sometimes have a negative effect on the welfare of system participants.
Among the different reform options currently being discussed, it is worth mentioning one that involves introducing contribution-defined mechanisms into unfunded systems. This method allows for ("notional") funding of contributions at a rate that matches growth in total wages, providing benefits that are actuarially fair between cohorts without the need to introduce funding. As with funding systems, in this scheme benefits adjust, to a large extent endogenously, to changes in the old-age survival rate and to population ageing. The fact that funding systems are almost always contribution-defined means they can be integrated more easily into the kind of system described. A system of this type is now being introduced in Brazil, and it could be a worthwhile option for other Latin American countries that are facing some of the demographic, political or fiscal constraints analysed here.
APPENDIX 1
The estimates in table A1 are based on the data given in The cost of social security. Basic tables 1990 -1993 (ILO, 1997 . The figures for pension expenditure and revenue refer to public-and privatesector old-age, survivors' and invalidity pensions. The table excludes the expenditure rows for family allowances, unemployment benefits, employment injuries and funeral, sickness and maternity expenses. The "transfers to other schemes" column is also excluded.
Generally speaking, the same rows were used for the income calculation, and the "transfers from other schemes" column was excluded.
Given below are the items included and excluded for each country considered. a References to sections and items in the ILO tables referred to have been kept, in case these should need to be consulted. * "Income from capital" was excluded in both the A and B estimates, for comparability with the other countries that had not started their funded pillars by 1990-1993.
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APPENDIX 2
Model equations
The following set of equations are used in the paper to study the relationship between a standard ageing index in the analysis of pension systems, the old age dependency ratio (d), i.e., the ratio of the retirement-age to the working-age population, and selected pension system indicators. The equations are based on the assumption that the contribution rate (c), the replacement rate (r) and the ratio of covered workers to the waged work force (k) stay constant over time in the country of interest. Assuming additionally that pensions are calculated as a proportion of real wages, it follows that:
1. Pension system expenditure (E), expressed as a fraction of annual GDP (Y) is:
where s is the share of the wage mass in GDP.
2. Since system revenue from contributions is C = c • s • k, the system's financial balance (C-E), expressed as a ratio to GDP is:
and the balance as a fraction of revenue is:
3. The implicit pension debt (see Bravo and Uthoff, 1999 ) is given by:
where A a is the discounted average number of years of contribution by the economically active at a given moment in time, and A r is the discounted average expected lifetime of all those in retirement ages at the given moment in time.
4. The pension system's implicit rate of return (ρ), when the system rules are fixed throughout the cohort's adult lifetime (Bravo, 1996, p. 126) , can be written as:
where A R is the mean age at retirement, A W the mean working age, LR is the average number of years lived in retirement, LW the number of working years lived by the individual or cohort of interest, and σ is the growth rate of wages. When the financial equilibrium rule holds (Bravo, 1996, p. 127) , then LR ln ( ) -ln(d)
